The potato leafroll luteovirus protein of Mr 17K (prl 7), which is encoded by an open reading frame on the 3' half of the viral genome, was expressed by using bacterial expression vector systems. Fusion proteins were obtained for the full-length viral protein as well as its N-terminal acidic (GST/prl7N) and C-proximal (GST/prl7C) basic domains and used in nucleic acidbinding studies. Filter-bound as well as soluble prl7 bound to single-stranded RNA or DNA. The binding domain was shown to reside in the basic C-proximal part of the polypeptide, whereas the N-terminal acidic domain did not show any affinity for nucleic acid. These biochemical properties of pr 17 together with its structural features suggest a regulatory role for this protein during virus replication.
Potato leaf roll luteovirus (PLRV) causes an economically important disease in potato (Rochow & Duffus, 1981) . The virus is transmitted in a persistent manner by aphids into the host plant where it replicates specifically in the phloem tissue (Francki et al., 1985) . The genomic singlestranded, non-polyadenylated RNA is approximately 6 kb in size and possesses a genome-linked small protein (VPg; Mayo et al., 1982; Harrison, 1984) . Sequence analysis has revealed the presence of six large open reading frames (ORFs) in two gene clusters separated by a small intergenic region (Mayo et al., 1989; van der Wilk et al., 1989; Keese et al., 1990; Fig. la) .
In PLRV-infected plants we have identified a 2-3 kb subgenomic RNA (sgRNA 1) which represents the 3' half of the viral genome (Tacke et al., 1990 ). This RNA is not encapsidated into viral particles (Smith & Harris, 1990) and contains the gene for the coat protein (CP, Tacke et al., 1989) , which is separated by an amber stop codon from the ORF for a 56K protein (Fig. I a) . An ORF for a 17K protein (prl7) is nested within the CP gene. Using regulatory sequences of sgRNA 1 for chimeric constructs with the /%glucuronidase (GUS) reporter gene we were able to show by in vivo transient expression experiments in tobacco and potato protoplasts that the level of translation of the 17K ORF exceeds that of the CP ORF by a factor of seven. The physiological role of prl7 during virus replication remains obscure. It has been proposed by van der Wilk et al. (1989) that prl7 might be a precursor polypeptide which is proteolytically processed to yield a 7K protein representing VPg.
Here we show that the PLRV 17K protein indeed has an affinity for nucleic acid. For this, prl7 was expressed 0001-0172 © 1991 SGM by the modified pEA305 (Schmidt et al., 1986 ) and the pGEX expression vector systems (Smith & Johnson, 1988) Mayo et al. (1989) . The solid bar represents a 1-8 kb sequence cloned into the pSP65 transcription vector for the synthesis of single-stranded sense and antisense RNA to be used in binding studies. lambda repressor cI (Mr 17K) and with glutathione-Stransferase (GST; Mr 26K), respectively. For the expression of a cI/prl7 fusion protein the 588 bp RsaI/AccI fragment of cDNA clone pCPL 1 (Tacke et al., 1989) was cloned into the expression vector pEA305 delta HindlII-1. To express fusion proteins of the N and C termini, a 147 bp RsaI/AvaI and a 388 bp AvaI/BamHI DNA fragment (Fig. l b) from plasmid pCPLI were cloned after treatment with mung bean nuclease into the SmaI site of pGEX-2 and pGEX-1, respectively. The same fragments were used to express the N-and Cterminal halves of the PLRV capsid protein CP in pGEX-2 and pGEX-3 to yield the fusion proteins GST/CPN (residues 15 to 62) and GST/CPC (residues 65 to 208), respectively. These, as well as the prl7 fusion proteins (GST/prI7N, residues 7 to 54 and GST/prl7C, residues 57 to 156), were produced in the Escherichia coli BL21 strain which is deficient in the lonA and ompT proteases (Studier et al., 1990) , and purified by affinity chromatography (Smith & Johnson, 1988) . Efforts to express the full-size 17K ORF cloned in the pGEX plasmid were not successful (data not shown). Analysis by PAGE in 10~ polyacrylamide-SDS gels showed that the fusion proteins are partially degraded with the uppermost bands representing the expected full-size proteins (Fig. 2, lanes 3 and 4) .
Tests for nucleic acid-binding activity of prl7 fusion proteins were performed with filter-bound as well as soluble proteins. For filter binding experiments, purified fusion proteins were separated by PAGE and electroblotted onto nitrocellulose membranes (Towbin et al., 1979) . Renaturation of membrane-bound proteins and in vitro synthesis of and incubation with labelled RNAs followed established protocols (Gramstat et al., 1990) . Constructs for in vitro preparation of labelled homologous or heterologous ssRNAs were obtained by subcloning of the 1-8 kb PLRV cDNA released by EcoRI/SacI restriction of clone pCPLI (Tacke et al., 1989 ; Fig. 1 a, black bar) and of a 1.1 kb barley A 1 cDNA in sense and antisense orientations into the EcoRI site of the pSP65 vector (Melton et al., 1984) . In all cases, prl7 was shown to bind ssRNA when the full-length cI/prl7 fusion protein was used in the filter-binding experiments (data not shown). The nucleic acid-binding domain of prl7 was identified using the GST fusion proteins. As is obvious from Fig. 2 , it is the basic, Cterminal portion of the PLRV 17K protein (Fig. 1 c) that contains the nucleic acid-binding domain (Fig. 2b, lane  5) . Under these experimental conditions the N-or Cproximal parts of the coat protein CP did not exhibit any significant binding activity (Fig. 2b, lanes 3 and 4) .
Subsequent binding studies were performed in solution with the purified GST/prl7C fusion protein. This allowed the steps of protein denaturation and renatura- tion during PAGE separation and blotting procedures to be avoided. The cI/prl7 fusion proteins were not included in this experiment because they were produced in bacteria in the form of insoluble inclusion bodies. The sequence specificity of the GST/prI7C fusion protein binding was studied by competition experiments. GST/prl7C (50 ng) was incubated for 15 min at room temperature with 10 ng of labelled barley A1 RNA in 10 mM-Tris-HC1 pH 8, 1 mM-EDTA, 1 mM-DTT, 10~o glycerol in the presence of increasing amounts of unlabelled PLRV or tobacco mosaic virus (TMV) RNA. Bound RNA was cross-linked to the protein by u.v. irradiation and RNA was subsequently digested with RNase A as described by Citovsky et al. (1990) . The resulting products were analysed by PAGE in 10~ SDScontaining gels. Inhibition of A1 RNA/protein complex formation in the presence of increasing amounts of competitor RNA was evident from the reduced amount of radioactivity bound to the protein (Fig. 3) . Differences in the affinities of PLRV or TMV RNA for GST/prl7C were not apparent from the competition experiments, and a 130-fold (w/w) excess of competitor RNA prevented the binding of AI RNA to GST/prl7C. The smaller bands, which were resolved into a doublet (data not shown), probably represent the two degradation products of the full-size fusion protein as visible in the Coomassie blue-stained gel (Fig. 2a) . The salt dependence of binding between G ST/prl7C and A 1 R N A was tested using similar conditions (data not shown). An inhibition of 50% was achieved with approximately 100 mM-NaC1 and a 550 mM salt concentration totally abolished binding. Recently, non-specific binding to single-stranded nucleic acids was also reported for the TMV 30K movement protein where concentrations greater than 800 mM-NaC1 were required for full inhibition of the nucleic acid-binding capacity of this protein (Citovsky et al., 1990) . We can not exclude the possibility that in vivo the prl7 acidic N-terminal domain (Fig. lc) , which is missing in the GST/prl7C fusion protein, may stabilize nucleic acid/protein complexes once they are formed by interaction with the C-proximal region. Finally, binding of GST/prl7C to ssDNA and dsDNA was tested in solution by a gel retardation assay. A 278 bp PvulI/TaqI fragment of the plasmid pUC18 (YanischPerron et al., 1985) was labelled with Klenow D N A polymerase in the presence of [e-32p]dCTP to a specific activity of 6 x 105 c.p.m./gg. A sample (40 ng) of this D N A was either taken directly (dsDNA) or after heat denaturation (ssDNA) for incubation with 80 ng of the GST/prI7C fusion protein under the conditions described above. Reaction mixtures were loaded onto a 3.75 % polyacrylamide gel and separated as described by Citovsky et al. (1989) . It is evident from retardation of radioactive ssDNA during electrophoresis that ssDNA bound to the viral protein(s) (Fig. 4, lane 3) . This binding did not occur in the absence of GST/prI7C (Fig. 4, lane 2) or in the presence of a 1000-fold (w/w) excess of unlabelled ssDNA from salmon sperm (Fig. 4, lane 1) . The nucleic acid-binding activity of prl7 correlates with specific features of the protein as shown by the charge distribution in Fig. 1 (c) . The PLRV 17K protein is characterized by an N-terminal acidic domain followed by the nucleic acid-binding C-proximal basic region (Fig. l c) . Computer analysis of the protein structure using the program P L O T S T R U C T U R E (Devereux et al., 1984) revealed the potential of the polypeptide to form a-helical structures within the acidic region ( Fig. 1 c, black bars) . The second a-helix would exhibit an amphipathic character with the negatively charged amino acid residues located predominantly on one side of the a-helical wheel. These structural features of the PLRV 17K protein within an acidic domain in conjunction with a basic nucleic acid-binding domain are properties characteristic of the G C N 4 / G A L 4 family of transcriptional activators (Mitchell & Tjian, 1989) . In these proteins the amphipathic helix of the transcriptionactivating acidic region is supposedly involved in protein/protein interactions (Hope et al., 1988) . In fact, dimerization via these so-called effector domains apparently represents one of the mechanisms that control activity and specificity of transcriptional activators (Ziff, 1990; Busch & Sassone-Corsi, 1990; Latchman, 1990) . By analogy, self-association of prl7 or heterodi-merization with other PLRV or host plant proteins may account for sequence specificity in vivo.
The physiological role(s) that prl7 plays during the PLRV replication cycle remains to be determined. Suggestions have been made that this protein represents a precursor of the genome-linked VPg (van der Wilk et al., 1989) . As multiple functions have been reported for nucleic acid-binding viral proteins (Citovsky et al., 1990; Murphy et al., 1990) , the same might be true for prl7. By virtue of its ssRNA-binding capacity in the C-terminal domain and a putative dimerization domain at the N terminus, prl7 might protect PLRV RNA from degradation by cellular RNases and/or sequester genomic RNA to serve as a template in the replication complex. Such multiple functions may provide a clue as to why prl7 is translated from the same subgenomic RNA as CP but at a sevenfold higher efficiency (Tacke et al., 1990) .
